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[^eJs^Sls] 660830-1024612 

449-753 

[^^1 gojAI ^Xie §^1^0HI^ 1 04-503 S 

KR 

[^Xll = 81 S HI 42 £21 7?§0il SSI, = SIS X1I60££J ^§011 2J 

(21) 

PISSES] 18 3 29,000 SI 

[3f^SaS] 0 El OS! 

0 2 OS! 
[£)A^^S] 11 m 461,000 S! 

490,000 m 

[SVAHW] 1. fi°UH- gAUAH(££1)_m 
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£ 3 

l£ D }i3, 2^ «>^- ^li, aflig, ^Ssfl^^B 3fl€, 
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{Photomask for forming photoresist patterns repeating in two dimensions and method for 
fabricating the same} 

£ 2^ ^efls] ISp}i3t *>-8-*H ^£ ^*>#(aerial image)-8- H^*r7l ^fV a] 

£ 4^ ^o|o| n)-^ I£D}A 3 f aH*-SH ^- TV Aj-( aerial image)* 

£ 5^r #2fl7l^ *J ^-^o^ ^aHH 4^ ^ &&S.( exposure latitude; EL)^- 
^^^(depth of focus; D0F)# -g^*>7l fl^ HBflH^cf. 

(JE^ ^-S oil cfltr <l§t?r ^) 

100: ^^7l^r, 200: ^V^^fl^i^g: , 
250: Pj: ^ «o V ^ XI 1 
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P t = ^ H o v ^^ ^12 ^q^l , P s : ^ « 0 H^ 
CDL: ^ CD, CDS: ^ CD 

<n> I£4iH ^ ^£^3.1- y o V ^°fl ^rtt ^1 2*\% «>4 

<i2> av^^i 4,^7]- ji^^sI-^chi ^e^ ) ^Me^^e ^^}7l ^ A^^-A 

^ M^l (critical dimension; CD)* ^& sfl^^r ^-£.7} ojej*}- CD* 

sfl€* ^^*>7] JH^iS}- ^^^-£(D0F)S] ^-B-£(margin)# %SL3, tb4. 

<13> A>og A > ^ *fl^-£^ DOF <^5L* ^X|ofl 7fl^Al^ ^ aj-^o^ ^q.^ ^ 

(illumination)* ^f^^r ^ II^]AErt| ii^S}^- 7)^]A 

<i4> nl^f s.^ US 6,361,909^1^- "2:^ 25l7fl ^Ei ^(ILLUMINATION APERTURE FILTER 

DESIGN USING SUPERPOSITION)"^ CDS*}- DOF^l a^S^ 711^15. ^7HH 

21 2: Sl 711* *i3l*Rr 7l^o] 7>^-(Gau) ^1 ^1*11 7flAl^ *} olcf. 
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<is> zl&IM-, ^7] B^/isIl o]^( line/space) 4€ S^r 1HH1 nj-ej- ^*l7} -§-<y*); 

<*H tflSflA^ 3^ S^Tfll- 4j^*>7l o^t}. 
<16> £ l«- aj-^ofl nj-sj. S]^7} cfs. 2 *\% a>4 $^*M ^tt #2fl^1 3L£*>^3* 

<i?> r= ^ ^-s^, ^7l^(io) ^Hl *>;M€-i-(20H 2^>^^o.s. ^4^^. ^-71 

# sfl^l-(20) z^^- ^3. rq-s zjojss]. ^ ^4 2^ ^- 7 ] ^ sfl^S. ^ofl ^o^, 

^nHKU^I 3q^i(p 1 )7> ^^oHKS)^ 3)7i(p s )ic} acf. 

<18> tiV^ 3X1 ^1 ^ 2)^^# ^*Rr 0)^ AjO S u)-B|-^ 

<19> [^vai x] Sin0 = A/ P 

<21> ^-71 2^ «V4 Sfl^^A-1^ ^« 0 >^(L)5l- ^«cHKS)5l 3Xl^7> AjS. CfsjELJL z| Hj- 

S^Till- ^^*}7l Ol^cl. 

<22> ^"71 ^^1- (20)^^1 ?J3£- ^«oHKL) SEfe ^^(SHH 

^Tfl 3.71 (critical dimension; CD)« M-Er^E^f. ^r, ^ W <HKL) ^ *!HKS) ^ 

*V »fHMM q-El-qi^ 3L7l7> CD7> € 5J^>m-. 
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^s. A |.ol^ tJ-t^ ^ CD(CDL)S. ^^JI, ^ « 0 V ^ ^M^l #3 ^ o]d\] cfl-g- 

^ ISefl^iE sfl^l- A}oio} 3.3 .g. CD(CDS)S 

« l+eI-^^ Hi (duty rati o)7}- nfl°- ac |. =E]ti]7> 3.^, l£ell^liB ^Ml ^V^tt 

<25> -am^S, ^7]& ^*Hr CDofl tflsfl M-eMH , 

sfl^-i-jE ^*}^ CD^l ifl*fl s^^^l- ^^cf. ojofl t^e}, ^- 7 1 ^sfl Eis.^ 
-g-7>^*> CD1- 7V^o> ^7l ^-§-7}-^ CD^r ^ <y7}(mask error 

enhancement factor; MEEFH1 ^^^cf. ^, ^7) MEEF7} 3.^ *l-g-7}-^t!: CD7> 3.JL, # 

7} MEEF7> ^-o.^ *l-g-7>^-*V CD7> 4>7l MEEF7> ?H #7l ^V^-^^l: 0 ! ^ CD* 

E-sL, Qa>}±r cm £fe ^H^-* ^ A ^}7] ^7) *HMmi-£] 

-tl^Sl- ^7\a]^ MEEF1- tb^f. 

<26> £ 2^ #Hfl7l^o]l ccf= A}-g-*H ^-^(aerial image)* 

7) ^Itr ^l^M^^l^. ^7l^, Al^-eflo]^^. an^ H.^(Vector model)* ^>-g-*>^ ^ , 
<^a>#<>] sj-^Kg. 248 nmol^i, 7fl^(numer ical aperture; NA)^ 0.7°l£cf. 

<2?> £ 21- ^S*}^, ^7} J£ 1^1 ^3fl€l"(20)^ tfl-g-^Kr llell^E 3fl^s.(20a)ol 

tiV£^7l^(10a) ^Hl ^^t}. #7} 2fl€l-(20)£r ^^}7\ ?H o]u)x) a-^je 

7} ^B.S., #7l A>^-5fl^^-(20)^ ^ CD(CDL)» *M1 1> ^ &tf. , 
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A oM ^sfl€l-(20)^ ^-§-*Rr <$7] i£5fl^|iS sflE}!-(20a)-^ ^ ^(L)JL5L ^o} 7 > 
a-o^lal, ^3 2.3 ^ CD(CDL)7> &7}&t\- m 
<28> # 7 ] iSEfl^AE 5fl^-i:(20a)^ ^§ Ji^*M ^ CD-I- #^17171 ^Sfl iS.nj-^ 

3 A o v ^ ^3fl€*(20)<*fl ^7>^o] *>#^qvg- *§^Hr y^^g. - oicf zLeiuj-, ^31 

a7](CD)7> *l7il ^r*Hl sfl^l ^7>^^1 ^^-g: «?J7|1 H7)(CD)1- d| #i 

<29> n>^H ^f- <y 7 >( mas k error enhancement factor; MEEF)7> e ^7>^ 

3 ^#-§- ^7H^1^. 

<so> ^*\°.3., 2*\% ^4 4^ #efl£] 31*Kr ^ CD(CDL)» £ 

^ Mefl^l^H 2flBil-# ^*r*l *tr4. 
[^ol ol^j7 7 > ^ 7l^^ -4*11] 

<32> a. i£tgo} cf = s.^ o. AV og Af ^ 7] ^o. A> _g_^. ^ o. ^ ^ ^.o^ 2 ^<g ^ 
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<34> ^-71 ^*|-7l $1*H f Hk V ^£r ^^*V 7l^r, #7l ^ *V 7^ ^1 2*>^ 

^71^ ic#Al7l^ 5T>q.o^ ^-f-^-g- ^H^t].. ^7l ^SflBll- Zj-ZV-g- Zj o| Q 3L-o) 

<36> a*}-, ^-71 Zjo] ^ A^Ji ^O^^V ^sflBil-^ ZL#o) ^ ^ 

#( longitudinal axes)°l tfg. ^Mlb 91^. 
<37> g:^ ^1-71 ^ ^tt^l -MS. ^^Mlr^- <£;*Hd ^"^ ol^V^ 

<39> Aj- 7 j wVtgo} ^ c^s ^^7l o^sM, ^^^r ^7l# tfofl *>^-g- ^ 
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<40> wHJ-*|aMlfe, #7l 2*RI3 o.S afll^ 4^7fl^ ^HM)^^ ^5. ^^*V ^ 



O 



<41> SL 3^ 2^ sfl^^- *g^a}7l W £ 

<42> £ 3 -g- #2:^>^, ^^7l^;(100) #<>fl *>^Mfi*(20(»°l 2*1^-° 5. #7l 

^l€l-(200) zj-zj-^ ^l^ ^ ^tq-. ^, ^-7] ^ s)]bii-(200) z*zH 

<43> ^7lA^ ( ^-71 ^Sfl^l : (200)^ ^mKL)^ ^ #^0] ^ ^(Pj)^ ^ 

3th=h ^"71 3flEl-i-( 200H1 £M>M, ^^(D^ afll ^^(p,)7l- #^« 0 HKS)£| ^1*1 

(P s )^.cf acf. ti}^*is}7im, ^7} ^*#*HL)2) m si^(Pi)7|- ^7) ^«oHHS)^ jq^i 

(Ps) iH} 2tifl 3^. 

<44> AV 7 1 ^2fl^il-(200)^r ^^7l^r(100)^ ^ #ofl tJ-^-S- *§s§& ^, ^7] 

$\B\^T5}o) ^^^r}. olitfl, *>^-5}-£- 3fB^ ^o.S. , #7l *>#sJl ^#(200) 

^/^^ 7l# iE^ ^a> 7]#(electron beam scanning technique)^- *}-§-^H ^fl 

<45> gc^ ^-71 ^ 2flE}-i-(200)5l ^ ^^-i- ^71 ^71^-8; 2r.#Al7l^ ^ 

«(250)^r #71 ^«(250)£r °J 31 37l 2icf ^4 3.711- *><^ , #7l 

^-f-«(250Hl nfl-g-*Rr ISefl^iH ^^l ^l^cf. ti>^*>7il^, # 

71 ^*1:(250)^ #71 ^*l-(250) 51*11 ^*£l^ ^\%^ (200) ^ 3/4 °1<5> 

7> 51^ 3711- ^Cf. 
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<46> tf 7 ] ^#l-(250)^ #7] ^4€l-(200)^ ^ «o v ^ 5q^( P ,)l- 

^^ItVi^. 4^, ^"71 ^J-^l-l-( 250)^ (center)-^ ^7) ^^^(200)^ f-^^H 31*1 

^, -S-71 ^-f-*#(250)o] #7l ^3fl^-i-(200)^l ^ ^Hl ^^11- 

3 ^12 sJ*l(P t )S ^^?Vcf. 
<47> 4>7l ^§-#*(250)£: ^7) ^*&f$°] ^ jl) (Pj ^^o} Sj*l 

(P S )S ^*KE^ 3*1^. A cM #M^(250)*H sl*H <8>83*r ^U-^ *fl2 2] 

*l(P t )fe ^U-^ 3Z|^1(P S )S}- ^^tb 3711- ^rf. ZL ^32f, l£D}iat ^f^Rr ^Af 
Sl^^l ^"^M 'M^V 71 A>-g-^7l ^ ?T 2^ 31 o] ^ cf . 

<48> ^71 ^U-^SI 7^1 1 3}*l(Pj)S ^ 3Z)^(P S )S. ^"g^ ^ ^ ^7} 

tt^sn m 5i^(pi)7> #7i ^ ^^(Ps)^ ^^ ti fl 7 > 3*1 ®& ^^7} sacf. ol 

^71 ^*«^(250), ^-71 ^ *fl2 Bl*l(P t )7> #7l ^ #^2] Z\x](P s 

HI 7># 7>7}£ ti-Qr ft** #^5] *fll ^ ^(P,)* f-^Uf. 

<49> ^"71 ^*^(250)^- #7] u oHHL)5l ^11 S^KPj)!- f-£«H ^^SLS. 

^ Hi (duty ratio)!- ^Al^lcf. ol ^4, % 7 ] ^sfl ^#(200)^1 ^ °H*1 ^ 

£7> ^7\s\o] y tt^sq t§^o] ^cf. 

<50> £ ^Alcdlofl 14513, # 7 j ^3fl^l-(200)Sl' i^^* A 0 V 7l ^71^(100) 

# ^#^171^ #-f-«(250)* 3L^-«H ^-71 -Bl «1 (duty ratio)!- ol 

D l*l ^JE* ^Al^T^, i&^i&o) 2ll^(p s )^ ^ « C V^ S^j-g. ^§ ^ ol^ 

A><yA>^^7l#-i; Al~g-S>7l S^Tjl A};*H ^ . 
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<51> 



<52> 



<53> 



<54> 



<55> 



l-eflol^£o]cf. c^H, Al^-eflol^o. ^ (Vector model)* ^r-§-*r53 -2.^ , <$*}%2] 
^ 248 nm°l&Jl, (numerical aperture; NA)^r 0.7°l$tf. 

£ 4# ti]-£^7l^r(100a) ^<M1 #7l £ 3^ ^^^^.(200)^1 rfl-g-*}^ 1£ 

ell^l^S 2fl^il-(200a)ol #7] £ 3^ ^###(250)^ n. 3_7]7\ ^o} #7] 

^Sefl^>.B 4*2-1- (200a) xfl^MI *§^3Sr ?M =l&[3L, 5- 29\ Al^eflo}^ ^ 

«l*fl A o V 7l #*«(250) ^€°IH *g#3Ro} TQrW*} #5*1}. 

SEth £ 2<fl *]*fl SMefl^l^B 4^1-(200a)^ (contrast )7> ^s}b], ^ 

CD(CDL)7l- D) £ 2 9\ ^Al^ofl 4^ ^l^eflol^ yjjn*]- a 1 



<56> [& 1] 









^ CD(CDS) 


136 nm 


136 nm 


W CD(CDL) 


147 nm 


140 nm 


^ NILS 


1.18 


1.35 


MEEF 


2.57 


2.31 
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<57> 5. l-§: ^ CDtt ^Hfl^ 5LS.P>ia4 *JaHH nfa 

# A r-§-tr ^l^-efl^l-a ^^MH *H7 r &&i=f. neii^, #4$ CD^ ^*HH 

^Hr^M^ ^t^HH 7 nm7l- ^§>^cf. 
<58> *V^, 3fl^l-(20a ) 200a)^] o)u)^} ^Bfvfl^ 7l 

■i:7l (normalized image log slope; NILS)^ f^l^ofl a]^ ^. ^Al^ofl z^m. A]^-efl 

ol^ ^:aHH 13 % ^ 7 ].^cf. 

<59> SfV, g.^v\^EL <H1&17> i£5H^|AE sflig ^-ofl ^A^o} ti] uJ-Bf 

^ MEEF7} ^2fl7l^^l alsfl -g- ^Aloflofl 4s. Al^eflol^ ^^HH 10 % 

<eo> £ 5-cr #2fl7l^ ^ ^Al^ofl rr]- = ^ exposure latitude; EL)2J- 

<6i> £ 51- Al^-eflol^ ^j^o)}^ ^A]^]oil 14s. iM^3(300)7> # 

£fl7l^^ iS.u}^H.(30Hl H]*fl EL ^ D0F 2.^- 7fl s) ^ . 

% ti Jr44H^r ^« 4 s Xlcf. H^Jl, MEEF, NILS, EL ^ D0F» 7fl«*i3H 
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IQtt 11 

2] 
3] 

(longitudinal axes)°l ^J* ^ Il^ia. 

[3^8" 4] 

^ 3 5tH*i, 

#71 U-^=»ol ^3. ^Hh^*^ <2*<Hd *l£ ol^-^ 
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5] 

6] 

*fl 1 %H1 5^1, 

^#3)1^ 3/4 ol^>ol ^-g- o. S SSp^H. 

7] 

*fl l %H1 5d°H, 

^-g-s}3, ^ H <R^ A2 A*\7\ s]^^ 7HJ- ^ ^ 

*fll ^^Rr ^*H1 Wfl^lSl^ ^ 412 -3)*|7> #7| ^ 31] 

[^T 1 * 9] 
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10] 

*fl 9 %H1 $X°]*\, 

#71 2*>^^ «fl<13 4^711 ^1 ^SflEiS.^ A^ ^-^^ ^Ol^ A^ 

^J5|H 5j| ^1 0 £ i£nfA a ^ 

[3^- 11] 

^ 10 %H1 5a°H, 

#71 a^ ^ 4^r7flsi *HJ-3Jfll£!-£ zl#^1 #^« 0 > 
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# 

102002 
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[5- 3] 



200 



P. 100 



250 




[5- 4] 



CDS 



250 200 



100a 



799 



599 



1 

V * 

>- 



399 fa* 



199 




m 



369 



X(nm) 
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5] 

12 -r- 




0 H 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 — 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 

DOF(um) 
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